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[March 16, 1949] DISCUSSION: THE PHARMACOLOGICAL BASIS OF MODERN ANiESTIHESIA
Dr. Andrew Wilson: The use of the terms "general" and "local" anesthetic has recently undergone some modification and it is now more usual to reserve the term anesthetic to describe those agents which produce generalized loss of sensation with loss of consciousness.
The pharmacology of modern anaesthesia also includes those drugs whose actions are designed either to prevent the side-effects of the anesthetic substance, or to diminish the amount of anmsthetic required. So there are perhaps two major aspects for discussion: (1) The anesthetic itselfand the measures adopted to make the anesthetic safe for the patient.
(2) The premedication drugs which are designed to make the patient safe for the anesthetic. I propose to confine myself to a consideration of the first aspect.
The anesthetic agents are mostly simple aliphatic compounds which cause a reversible depression of living tissue. When used in moderate concentrations, these substances produce essentially a descending paralysis of the central nervous system which begins in the cortex, progresses to the spinal cord and finally affects the vital centres in the medulla. This is the basis of the different degrees of anasthesia described by the anesthetist.
For an explanation ofthe action ofanmsthetics on the central nervous system, three essential factors must be taken into account: (1) The nature of the drug. (2) The high sensitivity of the brain cells for the drug. (3) The fact that the blood flow in the brain is greater than in most other tissues.
Many of the theories which have been advanced to explain the phenomenon of narcosis or anoesthesia, however, are based on the study of only one of these factors.
Mode ofaction.-The drugs which are used as anaesthetic agents differ greatly in structure, for they include hydrocarbons, alcohols, ethers, urethanes, sulphones and amides. It has therefore not been possible, except in the case of homologous series, to show any relationship between action and chemical constitution. For this reason, perhaps, many of the theories of narcosis have been founded on an exploration of certain physical properties of the drugs. Thus a correlation has been established between anaesthetic action and the relative solubilities of certain substances in the lipoid and non-lipoid constituents of the cell. This aspect of the subject was studied nearly a hundred years ago by Von Bibra and Harless and was later extended by the work of Meyer and Overton, who showed that there is a relationship between anmsthetic activity and the distribution coefficient of certain drugs in a lipoid/water system. Various other phenomena have been described such as changes in viscosity and the loss of water or dehydration produced in the cells; and with increased technical facilities it has been shown that there is an alteration in the permeability ofthe plasma membrane ofthe cells. These observations, however, fail to give more than an indication of how the drug may gain access to the cells or cell surfaces. They do not afford any explanation of how the drugs influence the function ofthe cell. For it must be remembered that one of the essential features of anaesthetic activity is its reversibility.
The functions of the cerebral cortex are readily depressed by altering its blood supply and there is well-substantiated evidence of the relationship between the physiological activity of the brain and its utilization of oxygen and of glucose. There is little doubt that this relationship is influenced by anesthetics. Thus La'zlo and his colleagues [l] have shown that during ether anaesthesia, the arterial venous oxygen difference falls from 3-7to 2-2vols. Y.,a decrease of 40%. Again, when the cerebral circulation of the dog is perfused at a constant rate with pentobarbitone [2] , the oxygen uptake of the brain and utilization of sugar is reduced by 30%.
Considerable light has been thrown on the subject by the work of Quastel and his colleagues [3, 4] on the effect of the anesthetics on the uptake of oxygen by brain tissue. In a series of well-designed experiments they have demonstrated, in a variety of animals, that the respiration of brain tissue is inhibited by drugs such as ether, chloretone, and barbiturates, in concentrations which cause deep narcosis. Furthermore, they have shown that this effect is rapid and reversible and that the sensitivity of the brain tissue is in marked contrast to that of the kidney, liver, spleen and testis. The oxidation by the brain of glucose, sodium lactate and sodium pyruvate is inhibited much more readiiy than is that of glutamic acid. The fact that under these conditions the oxidation of succinate and p-phenylene diamine is not affected suggests that anesthetics exert their inhibitory effects at two possible stages. Either (1) by interfering with the transfer of hydrogen from reduced cozymase to flavoprotein, or (2) by preventing the oxidation of flavoprotein by the cytochrome system by means of electron transfer (see fig. 1 ). Greig [5] . Now Greig [5] has indicated that since nembutal does not cause accumulation of reduced cozymase, the interference is not at position 1. Further proof that the inhibition probably occurs at position 2 is provided by a very neat series of experiments which Greig [6] has recently reported. It is known that in guinea-pigs deprived of vitamin C, the action of nembutal is prolonged and that this effect is considerably reduced when the animals are given ascorbic acid. Greig has shown that the addition of ascorbic acid to brain suspensions in the presence of nembutal diminishes the inhibition of glucose metabolism of brain produced by nembutal. She has suggested that the function of ascorbic acid in these circumstances is to offer an alternative route for the oxidation of carbohydrate, by providing a by-pass between the flavoprotein stage and cytochrome C.
In the case of the volatile anesthetics, ether and chloroform, the acetylcholine metabolism of the central nervous system is more directly affected than by the barbiturates. Feldberg and others have suggested that this may account for the excitory effects of the induction stage of CHC13 or ether anesthesia. It is known that the different areas of the brain differ greatly in their ability to synthesize acetylcholine and also in their content of cholinesterase. It is therefore not unreasonable to suggest that the different effects of the volatile anesthetics and the barbiturate drugs may depend largely upon their different sites of action. There is, however, one point in common. Since the synthesis of acetylcholine is dependent on carbohydrate metabolism it is also possible that the different drugs affect this synthesis of acetylcholine at different stages.
The validity of much of this evidence is limited by the fact that all these in vitro studies were not closely correlated with the activity of the drugs in vivo. Fuhrman and Field [7] tried to bridge this gap by studying certain homologous series of barbiturates in respect to their chemical structure, physical properties and pharmacological activity. They have shown that as the number of C atoms on the side chain is increased, there is (a) an increase in the ability to inhibit brain respiration, (b) an increase in anxesthetic activity, (c) a decrease in water solubility, and (d) a rise in oil/water coefficient (see fig. 2 ).
Distribution and elimination.-What is really important to establish is the concentration of drug in the brain required to anesthetize the animal and the concentration which causes depression of brain tissue respiration. If the drug is uniformly distributed in all the tissues of the body, there is no evidence of correlation between the dose of the aniesthetic and the depreFsion of brain tissue respiration. There is good evidence, however, from a variety of investigations on the rat, the rabbit and even the elephant, that after the intravenous administration of certain barbiturates, the concentration of the drug in the brain is about four times that which would be expected on the basis of uniform distribution. Fuhrman and Field [7] have shown that if this preferential distribution is accepted, there is good correlation between inhibition and anesthetic dose.
It is obvious, however, that the only accurate method of assessment is to determine the actual concentration of the drug in the brain during anaesthesia. When a technique for doing SOME PHYSICAL PROPERTIES AND PHYSIOLOGICAL ACTIONS OF SUBSTITUTED 5: this is devised, it should then be possible to determine if anesthesia occurs at a common level of inhibition, or if the level of inhibition is related to the individual type of drug. The volatile anasthetics depend chiefly for their absorption and excretion on the pulmonary ventilation, the blood flow through the lungs, and the partial pressure of the anesthetic. In the case of the non-volatile anesthetics which are given by intravenous injection or by other routes, the inactivation of the drug and its subsequent excretion by the kidneys is most important. I shall consider briefly some of the factors involved in controlling the effects of certain barbiturates.
The barbiturates which are used for anwsthesia are usually restricted to those which have a relatively short duration of action. The factors upon which short duration of action depend are unknown though it may be of some significance that such compounds have either long side chains or are sulphur analogues. In contrast to the longer acting compounds, they are excreted in very small amounts in the urine, their action is not prolonged by nephrectomy, and they disappear rapidly from the blood. Koppanyi [8] , Cameron [9] and others have shown that their duration of action is much longer in animals with liver damage. It has been assumed by some that the drugs are inactivated by the liver but there is no convincing evidence by what means, if any, this is brought about. Shideman and his colleagues [10] , using various techniques for impairing the function of the liver in mice and rats, have confirmed the results of the previous workers, but have thrown little light on the subject. SUMMARY It is possible to say that certain chemical substances, by virtue of their physical properties, gain access preferentially to the cells or cell surfaces ofthe central nervous system and interfere with those metabolic processes of the brain which are concerned with the utilization of glucose and the synthesis of acetylcholine. The blood flow in the brain being greater than that to most other tissues, contributes, at least initially, to the selectivity of the drug for cerebral tissue.
The interference with brain metabolism is temporary and reversible, except when the drug is used in very high concentration. It is not known whether there is any quantitative relationship between the extent of this interference and the concentration of a particular anmsthetic; nor is it known whether certain centres in the brain are more sensitive than others. The action of the short-acting barbiturates may be prolonged by morphine, phenacetin, anti-histamine substances and also by certain types of liver damage, but the mechanism by which this is effected remains obscure. Mystery also surrounds the variations in susceptibility of different animal species to barbiturates. surgery, general anesthesia in small animals, apart from a short period during which avertin gave promise of something new, necessitated the veterinary surgeon's use of chloroform, ether or their mixture almost entirely. As one who well remembers the very frequent difficulties and sometimes disasters which accompanied or followed anesthesia induced by such methods with or without pre-narcosis, it is no exaggeration to say that barbiturate anesthesia has so far provided one of the greatest advances in the whole veterinary field.
It should not be assumed, however, that the veterinary surgeon may not, on occasions, still usefully employ the older and the newer inhalation anesthetics, alone or in support of barbiturates; but barbiturate anxsthesia has conferred a boon on the small animal patient and the veterinary surgeon. Through the work carried out on animal anmsthesia by my erstwhile professor and colleague J. G. Wright the way was paved for what is now its almost general use as an anesthetic for small animals, by the veterinary surgeons of this country. For general surgery in the dog nembutal in average doses 1/5 grain per lb. (29 mg. per kilo) body-weight is found to be suitable for non-debilitated and non-toxic animals of about 20 to 40 lb. Outside this range there is some tendency for dosage requirements to decrease slightly as weight increases and increase slightly as weight decreatses. For example according to Wright's recommendations in his book "Veterinary Anaesthesia", a dog weighing 60 lb.
(27 kg.) needs only 9 grains (583 mg.) not 12 grains (777 mg.), while the dog weighing 10 lb.
(4-5 kg.) would probably need 21 grains (162 mg.). In practice this applies in a proportion of cases but individual idiosyncrasy is sometimes met and the particular susceptibilities of certain breeds have to be taken well into account.
Nembutal can be administered to dogs by the mouth, in gelatine capsules and on an empty stomach anmsthesia can be anticipated within thirty minutes. By injection intraperitoneally of an aqueous solution containing 1 grain (64-8 mg.) per c.c., the onset of anmsthesia is generally obtained within a shorter period. The route of election, however, is intravenous and, by slow injection, the required dose can be assessed on loss of reflexes. About one-quarter to one-third of the dose is injected fairly quickly and the remainder spread over two to three minutes. The effect nembutal has upon dogs depends of course upon the dosage. In sub-surgical anesthetic levels there is considerable variation and certain dogs, notably greyhounds, are not unlikely to develop hyperesthesia, sometimes of a violent nature. For this reason, particularly in the larger breeds of dogs, it is always wise to have a capable and experienced assistant who can not only exercise adequate control over the animal, but, at the same time, raise a vein by finger pressure and keep the limb firmly extended. Hyperesthesia from sub-anmesthetic dosage is perhaps, apart from overdosage, one of the main factors in the use of nembutal against which the veterinary surgeon needs to be on his guard; but, with some experience, one is able to judge by type and temperament when the patient will need unusually careful watching. A fully-grown frenzied and half-anesthetized dog, even if only medium sized, can present very considerable difficulty. Thus nembutal, while holding a unique position as a general anesthetic for a wide range of animals, is not reliable as an hypnotic.
The development of surgical anmsthesia is usually characterized by one or two enquiring turns of the dog's head, relaxation of musculature and slumping. When first recumbent the animal sometimes moves the limbs in a running motion for a brief period or, with effort, raises the head only promptly to become fully recumbent again. The respirations return to normal after some initial suppression and the pulse, in the average healthy subject, is not markedly affected. The corneal reflex weakens until finally lost while the pupil contracts fully.
A practical and reliable guide to depth of anesthesia is obtained by sharply pinching the interdigital web. Failure to produce reaction indicates the surgical level has been reached and that, for the time being at any rate, the animal has received a maximal dose. Complete relaxation of glossal and masseter muscles is another useful indication of good depth anaesthesia.
In most surgical cases anesthesia can then be expected to persist for about an hour. In this respect there is considerable individual variation but in practice I have found that the slower the intravenous administration of nembutal the more prolonged its action. This to me has been even more evident with pentothal and comparable barbiturates intended for short duration anesthesia, the effects of which I have found in most dogs may be very usefully predetermined by the rate of injection.
Sub-surgical anesthetic levels in small animals are seldom if ever desirable. The veterinary surgeon so often needs his patient anmsthetized, not necessarily for surgery, but for a variety of examinations which would otherwise be difficult simply because the patient is an animal. As a general rule whatever the purpose of the anesthetization, a safe good depth is an advantage.
Air blockage without overdosage and respiratory failure from overdosage, are dangers which sometimes have to be met, but with experience it should be very infrequently.
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Air blockage can develop when the epiglottis, as so commonly happens in the anesthetized dog, passes into the nasopharynx with relaxation of the soft palate. The mishap is most common in the bulldog and flat-faced breeds generally. Intubation in such animals should be a matter of routine, in fact with any small animal under barbiturate anesthesia the precaution is always desirable.
Respiratory failure from overdosage is sometimes sudden in onset but much more commonly follows a progressive shallowness and slowing of respirations. From slight overdosage the emergency may occur within five to ten minutes of the dose having been given, and lethal doses injected rapidly for euthanasia can be made to produce the effect almost immediately. A suitable barbiturate in sufficient quantity intravenously thus provides the most Tsthetically unobjectionable method of destroying certain animals.
Nembutal and pentothal anesthesia is indicated in small animals for all major or minor surgical interferences with few exceptions other than Casarian section where feetuses are required to survive. Nembutal in this operation results in a very high percentage of deaths in the newly born. Apart from this operation barbiturate anasthesia has a wide application but its support with ether is often necessary.
Occasionally, in both dogs and cats, the administration of nembutal, and sometimes pentothal, is followed by an unusually long period of coma. The greyhound for example has been known to remain in a semi-comatose condition for up to twenty-four hours after intravenous pentothal, while a dog of any other breed, but with the same dose per unit body-weight, would be fully recovered within about an hour or less.
Similar conditions of prolonged coma from what is presumably delayed -detoxication arise very often if a second dose of nembutal or pentothal is given to supplement a first dose. This course needs to be taken with extreme care, particularly with nembutal.
Wherever possible it is better to support nembutal at least with ether rather than give a second intravenous dose of a barbiturate however carefully the dose is assessed on effect.
Both nembutal and pentothal administered subcutaneously in small animals are dangerous and can produce deep coma lasting up to two days or more. In some such cases of barbiturate poisoning a large proportion of the dose intended to be given intravenously may have escaped subcutaneously and the animal's restoration has been impossible in spite ot every form of stimulation, including repeated intravenous injections of picrotoxin producing periods of violent convulsions but only some temporary lightening of the coma.
Although from clinical observation nembutal has no marked depressant cardiac action in small animals, enlargement of the spleen, often to as much as about four times its normal size, is a common feature when full anxsthetic doses are given to the dog. Abdominal palpation of these animals, immediately after the onset of nembutal anmsthesia, often shows the spleen to have folded itself in half longitudinally in the process of its enlargement.
In conclusion I should like to add that evidence of the freedom of nembutal and pentothal from delayed and cumulative toxic action in the average dog has been given on many occasions when animals have received as many as 8 or 9 full anesthetic doses within fourteen days without apparent untoward effect.
The very simple clinical observations which I have outlined are based upon an average of about 1,000 or more cases of surgical anesthesia annually since 1943. Professor G. R. Cameron discussed the action of barbiturates with special reference to liver function and certain constitutional disturbances such as changes in body environment, hemorrhage, local cooling, fasting, application of tight abdominal bandage and disturbance of the sex hormones.
He reminded members of a Paper he had contributed to the Section of Anwsthetics (1938, Proc. R. Soc. Med., 32, 309) in which these factors were considered and he went on to describe in some detail recent work carried out in his department in conjunction with his colleagues, Drs. G. H. Cooray and S. N. De. He said that these recent experiments had demonstrated the relationship between the male sex hormone, testosterone, and the activity of quick-acting barbiturates such as nembutal, and he proposed the hypothesis linking up the sex hormone with a detoxication mechanism in the liver. The methods used in this investigation were described in some little detail and this led to consideration of the part played by the liver in dealing with sex hormones.
Professor Cameron urged that caution be exercised at present in attributing to the liver only the property of destroying barbiturates and he told of some recent work which had been done in his laboratory by Dr. G. V. R. Born on this important matter. Born has shown that the usually accepted methods of estimating barbiturates in tissues are not free from serious objections and cannot be considered as sensitive. He has worked out a new method which is about 50 to 300 times as sensitive as previous tests and he proposes to reinvestigate the subject of barbiturate absorption, distribution and detoxication by means of this new advance.
